INTRODUCTION {#sec1-1}
============

Premature canities is the development of grey hair over scalp earlier than the expected age. Melanocyte apoptosis and increased oxidative stress has been documented in the Pigmentary Unit of greying hair follicles,\[[@ref1]\] but, to the best of our knowledge, assessment of oxidative stress in the sera of patient with premature canities has not been estimated so far. The present study was undertaken to study the oxidative stress parameters including lipid peroxidation and the enzymatic and nonenzymatic antioxidant potential in the sera of patients with premature canities and to compare with healthy controls.

MATERIALS AND METHODS {#sec1-2}
=====================

Fifty-two, apparently healthy, self-reporting individuals with onset of premature greying of scalp hair before the age of 20 years and 30 matched healthy controls, were recruited from the outpatient Department of Dermatology. Institutional Ethical Committee approval was obtained before commencement of the study. Written informed consent was taken from all recruits. Patients with greying of hair as a part of other conditions like vitiligo, cutaneous disease involving the scalp, history of topical application or systemic drug/supplement intake, and use of hair dye in the past 6 months were excluded. Smokers, pregnant or lactating women, and subjects with a history of febrile illness or severe systemic disease within 3 months of onset of greying of hair were also excluded. All patients underwent hematological and biochemical evaluation including complete hemogram, erythrocyte sedimentation rate (ESR), blood sugar (fasting and postprandial), and liver and kidney function tests.

Following oxidative stress parameters were assessed:

Lipid peroxidation (malonaldehyde; MDA) estimation using the colorimetric method as described by Satoh\[[@ref2]\]Whole blood reduced glutathione (rGSH) content in erythrocytes by the method of Beutler *et al*\[[@ref3]\]Ferric reducing antioxidant potential (FRAP) estimation using the method of Benzie *et al*.\[[@ref4]\]

To compare the various oxidative stress parameters in cases and controls, Mann--Whitney test was used. The statistical software SPSS version 17.0 (SPSS Inc., Chicago, USA) was used and *P* \< 0.05 was considered as significant.

RESULTS {#sec1-3}
=======

The age and sex distribution of cases and controls were comparable \[[Table 1](#T1){ref-type="table"}\]. ESR was found to be raised in cases (mean = 14.49 ± 13.46 mm in 1^st^ h) as compared to controls (mean = 8.33 ± 4.91 mm in 1^st^ h; *P* = 0.004). Other hematological parameters, fasting and postprandial blood sugars, serum bilirubin, serum glutamic pyruvic transaminase, alkaline phosphatase, calcium, phosphate, total proteins, and albumin were comparable in both the groups.
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Oxidative stress parameters \[[Table 2](#T2){ref-type="table"}\] - The mean serum levels of MDA in cases were significantly higher (3.7 ± 1.6 nmol/ml) than in controls (2.8 ± 1.5 nmol/ml; *P* = 0.01). The glutathione (GSH) levels were lower in the cases (31.5 ± 8.9 mg/dl) as compared to controls (36.6 ± 16.9 mg/dl; *P* = 0.064), but this difference was insignificant. The mean FRAP levels were lower in the cases than in controls (400 ± 70 nmol/ml vs. 430 ± 80 nmol/ml; *P* = 0.038). None of these oxidative stress parameters were found to correlate with the duration and severity of greying.
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Oxidative stress parameters in cases and controls
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DISCUSSION {#sec1-4}
==========

Canities is the scientific term for the phenomena of physiological greying of hair that occurs with aging and shows variation with race and ethnicity. The normal occurrence of greying of hair, in white races, is at the age of 34.2 ± 9.6 years, and it is said that by the age of 50 years, 50% of the population have at least 50% grey hair, known as the 50/50/50 rule of thumb.\[[@ref5]\] This rule of thumb has been revaluated in a large world sample of human subjects from different ethnic and geographic origins. It was concluded that around 6--23% of world population is expected to have 50% grey hair by the age of 50 years, a range far below that predicted by 50/50/50 rule of thumb.\[[@ref6]\]

Onset of greying of hair before the age of 20 years in caucasians and before 30 years in Africans is considered as premature canities.\[[@ref7][@ref8]\] Unfortunately, there are no studies published so far that define premature greying in Asian population. Though, a cut-off at the age of 25 years is considered by some authorities in India.\[[@ref9]\] For the purpose of our study, we defined premature greying if it occurred before the age of 20 years. Usually, the process is progressive and permanent, though there are occasional reports of re-pigmentation of previously grey hair.\[[@ref10][@ref11]\]

Melanin, the pigment primarily responsible for hair color, is synthesized in unique membrane bound organelle "melanosomes" present within the melanocytes. Melanins are indole derivatives of 3,4dihydroxyphenylalanine, and they are formed through a series of oxidative steps.\[[@ref12]\] Melanogenic activity in the hair follicle is closely linked to the hair cycle. Tyrosinase activity becomes apparent in anagen 3, and pigment transfer to cortical epithelium begins in the anagen 4 stage of development.\[[@ref13]\] In pigmented hair follicles, intense melanogenesis continues throughout the remainder of anagen (stage 5 and 6), and then ceases with the onset of catagen.

Oxidative stress seems to play a key role in many pathways within the hair follicle.\[[@ref14]\] The process of melanin synthesis in hair generates oxidative stress by a generation of hydrogen peroxide (H~2~O~2~) and other free radicals.\[[@ref15][@ref16][@ref17]\] As compared to keratinocytes, melanocytes are more vulnerable to oxidative stress, because they are engaged in the production of large quantities of melanin throughout the anagen phase of hair cycle.\[[@ref1]\] Besides this, oxidative stress generated outside hair follicle by UV-light exposure, psycho-emotional, or inflammatory stress may add to this endogenous oxidative stress, and may overwhelm the hair follicle melanocyte anti-oxidant capacity, thereby speeding up the terminal damage in the aging hair follicle.\[[@ref18][@ref19][@ref20][@ref21]\]

Oxidative stress leads to damage via the generation of free radicals or reactive oxygen species (ROS) namely superoxide (O~2~), H~2~O~2~, and hydroxyl free radical. They are highly unstable and capable of damaging cell membranes (lipid peroxidation of membranes), DNA (produces single-stranded breaks in DNA), and proteins (protein fragmentation and degradation of critical enzymes), due to their extreme reactivity. MDA, a lipid peroxidation product generated by free radical injury in tissues, subsequently appears in serum and acts as a sensitive indicator of lipid peroxidation and oxidative stress.\[[@ref22]\] Thus, the raised levels of MDA as in the present study points toward a higher degree of oxidative stress in patients with premature canities. As lipids are an integral component of all cellular membranes, a higher degree of lipid peroxidation reflects a higher grade of cell membrane injury.

As generation of ROS is an integral part of normal metabolic processes, the body has devised antioxidant systems to protect itself from this constant hazard. These include multiple antioxidants and free radical scavenging enzymes like superoxide dismutase, catalase, and GSH peroxidase.\[[@ref22]\] GSH peroxidase, a selenium-containing enzyme which catalyzes the reduction of H~2~O~2~ and lipid hydro-peroxidases using rGSH.
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The activity of enzyme is dependent on the constant availability of rGSH, levels of which are maintained by the enzyme glutathione reductase (GR)\[[@ref23]\]
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The decrease in GSH levels in human blood is an indicator of reduced antioxidant potential. In the present study, the lower value of GSH observed in cases suggests a reduced ability to fight oxidative stress in cases as compared to the controls. Furthermore, since the GSH redox system represents the aqueous phase of oxidative stress, therefore, its alteration depicts damage and malfunctioning of the hydrophilic cellular structures as well.

Estimation of "FRAP" measures the combined antioxidant effect of nonenzymatic defenses in biological fluids. It is based on the measurement of total antioxidant status of blood by assessing the extent of reduction of TPTZ-Fe^3+^ to TPTZ-Fe^2+^ (TPTZ-tripyridyltriazine). The lower levels of FRAP in the cases (mean = 400 ± 70 nmol/ml) compared to controls (430 ± 80 nmol/ml; *P* = 0.038) is again suggestive of a low total antioxidant status of blood. None of these oxidative stress parameters were found to correlate with the duration and severity of greying.

In a study by Arck *et al*.,\[[@ref14]\] a higher frequency of oxidative stress associated mitochondrial DNA damage was observed in greying hair follicles. This was accompanied by an absence of oxidative stress-protectors, such as Bcl-2, and melanocyte growth factors, such as c-Kit.

Role of H~2~O~2~ mediated oxidative stress has been documented in senile hair greying by Wood *et al*.\[[@ref24]\] While another study on premature canities documented an intrinsic deficiency of catalase in grey hair compared to pigmented hair, leading to decreased ability to reduce H~2~O~2~, and higher concentration of the same in the greying hair follicles.\[[@ref25]\] Kauser *et al*. demonstrated lower levels of catalase in hair follicles melanocytes derived from aged hair as compared to those from younger donors.\[[@ref26]\] Low H~2~O~2~ concentrations increase tyrosinase activity, while high concentrations irreversibly deactivate the enzyme.\[[@ref27][@ref28]\] Abundant evidence indicates that many proteins and peptides, including the H~2~O~2~-reducing enzyme catalase are structurally damaged and functionally altered by H~2~O~2~-mediated oxidation.\[[@ref24][@ref29]\] This acts as a vicious cycle in perpetuating the ROS-induced damage to the hair follicle melanocytes.

All these studies indicate the role of ROS at the level of hair follicles without elaborating on the systemic state of oxidative stress in a patient. To the best of our knowledge, there are no studies in English literature which document the oxidative stress parameters in the sera of patients with premature greying, despite their documented role in its causation.

CONCLUSION {#sec1-5}
==========

All the three tests of oxidative stress, MDA, GSH, and FRAP point in the same direction of raised levels of pro-oxidants and reduced ability of body to fight the same, that is, low levels of antioxidants, both enzymatic and nonenzymatic. Hence, the role of antioxidants in the treatment of premature canities can be postulated emphatically. However, in view of the small sample size of the present study and possible confounding influence of multiple sociocultural and psychological factors on oxidative stress of an individual, further studies with larger sample size are recommended.
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